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1.0 INTRODUCTION AND SUMMARY 

This report is in response to Task Assignment No. 5, Modification 
No. 8, Subtask 2.2.7, d e m e n t  of Work. 
measurement results of a breadboard antenna describing the surface rough- 
ness, and the correlation of that measurement to predicted analytical 
surface roughness. The results o f  this report are not expected to be 
used as a basis for any RF analysis but to simply serve as a data base 
for future analytical predictions. The antenna breadboard measured is 
in a gravity deflected environment with limited known boundary conditions. 
Accurate analytical predictions cannot be achieved without further antenna 
surface breadboard measurements of mesh and cord tensions. These results 
will stand alone as a measurement of antenna surface roughness in a 
gravity environment. 

This report addresses the 

. 

Results taken from Table 3.5-1 and Table 3.5-2: 

PILLOW 

One 

Two 

PREDICTED RMS MEASURED RMS 

9.13668 (in.) 0.11338 (in.) 

0.18097 (in.) 0.14811 (in.) 
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2 .o PILLOW MEASUREMENTS 

PILLOW TARGET NUMBER 

1 
5 
9 

37 
41 
45 

The 50-Meter Surface .2r 

53-METER TARGET NUMBER 

32012 
32103 
32104 
32202 
32203 
32204 

F,cation Model ( lASl- 5763; 19 Augus 
The four- 1982) i s  the breadboard model used for pillow measurement. 

gore surface is depicted graphically i n  Figure 2.0-1. The target loca- 
tions of nineteen control point targets and fourty-five measured pillow 
targets are displayed. 
also indicated on Figure 1 fo r  location purposes only. 

Photogrametrically measured p i l l o w  targets are 

- NOTE: Six targets are represented as concentric c i rc les .  These six 
targets are six of the original 50-Meter 184 targets se t  as 
discussed in the 50-Meter Final Report and have the following 
correspondence : 

Pillow Target t o  Original 50-Meter Target Correlation 

The "as measured" pillow targets and the "as measured" control 
point targets are l i s t ed  i n  Table 2.0-2. 
a coordinate system that corresponds to the previously generated 50-Meter 
Measurement System. 
control p o i n t  targets to  the correpsonding control point targets measured 
w i t h  the original 50-Meter Surface Breadboard Model (NASI-15763; 19 
August 1982). 
tions are shown i n  Figure 2.0-1. 

A l l  targets are  measured i n  

T h i s  was accompl ished by regressing the current 

The six control point targets and the pillow target loca- 

-2- 
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Table 2.0-2 
O R I G I N A L  MEASUREMENTS OF PILLOW 

AND CONTROL POINT TARGETS 

- 5- 
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3.0 ANALYSIS DESCRIPTION AND SHAPE CORRELATION 

The purpose of the pillow measurement is to verify the ability 
to analytically predict the shape of the reflective surface, thus 
establishing the data base for future analytical predictions. 

3.1 Analytical Model Description 

The analytically predicted target coordinates are arrived at by 
use finite element structural analysis methods using a triangular 
membrane element capable of orthotropic mechanical properties. The 
effect of the gravity environment is taken into acocunt as well as 
idealized boundary conditions. The actual boundary conditions are not 
known but are taken to be within reasonable limits of expected condi- 
tions. 

The analytical model is shown in Figure 3.1-1. The half-gore 
model represents a symnetrically reflective model about the gore center- 
line. The gore center line is the x-axis (Y = 0.0). Note that the 
measured coordinates do not compare t o  the analytical coordinates until 
a transformation o f  coordinate systems is performed. Appendix A 1 ists 
the un-transformed coordinates o f  the ha1 f-gore analytical model. 
in Table 3.1-1 are the analytical coordinates that correspond to the 
pillow targets (in the half-gore analytic coordinate system). The measured 
pillow targets transformed to the half-gore coordinate system and in the 
last three columns, the Delta X ,  Delta Y, and Delta 2 o f  the two sets 
of coordinates. 

Listed 

Listed in Table 3.1-2 is the analytical node to measured target 
correlation to relate half-gore coordinates to target coordinates. 

-7- 
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L i s t e d  i n  Table 3.1-1 and a l l  subsequent ten  column data sets  i s  t he  
f o l l  owing in format ion.  

COL 1 COL 2 COL 3 COL 4 COL 5 COL 6 COL 7 COL 8 COL 9 COL 10 
TARGET ANAL X ANAL Y ANAL Z MEAS X MEAS Y MEAS Z DEL X DEL Y DEL Z 

NUM ( i n . )  ( in . )  ( in . )  ( in . )  (8n.) ( i n . )  ( i n . )  ( i n . )  ( i n . )  

3.2 P i  1 1 ow by P i  1 1 ow' Correl a t  i o n  

The comparison o f  the ana ly t i ca l  p i l l o w  ta rge ts  i s  done on a p i l l o w  
by p i l l o w  basis.  
i n t o  two separate e n t i t i e s  w i t h  the p i l l o w  on the  r i g h t  s ide o f  the f i g u r e  
designated as p i l l o w  one and the p i l l o w  on the l e f t  s ide o f  the f i g u r e  
designated as p i l l o w  two. The two p i l l o w s  are  analyzed separately.  Using 
the t a r g e t  pos i t i ons  of each p i l l o w  as a set ,  the measured p i l l o w  was 
regressed t o  the a n a l y t i c a l  p i l l o w  f o r  both p i l l ows .  
e r r o r s  i n  the  g lobal  t ransformat ion t o  be removed and each p i l l o w  t o  more 
exac t l y  f i t  the a n a l y t i c a l  p i l l ows  separately.  The two separate p i l l o w s  
are l i s t e d  i n  Table 3.2-1 and Table 3.2-2. These tab les  l i s t  the  a n a l y t i c a l  
coordinates, the measured coordinates and the X, Y, Z Del tas.  

Therefore, the p i l l o w  shown i n  F igure 2.0-2 i s  d i v ided  

This  al lowed f o r  

3.3 Transform t o  P i l l o w  Coordinate System 

As an a i d  i n  analys is ,  the p i l l o w  t a r g e t  sets  were again t rans-  
formed t o  p i l l o w  coordinate systems as shown i n  Figure 2.0-2. 
ca l  coordinates were used as the ver tex of t he  coordinates.  Table 3.3-1 
and Table 3.3-2 l i s t  the  p i l l o w  t a r g e t  sets  i n  the  p i l l o w  coord inate systems. 

The a n a l y t i -  

3.4 Account f o r  Tarqet O f f s e t  

The a n a l y t i c a l  mesh p i l l o w  model i s  shown i n  Figure 3.4-1, super- 
imposed on the  area o f  surface conta in ing the measured ta rge ts .  L i s t e d  on 
Figure 3.4-1 are ta rge t  o f f s e t s  a r r i v e d  a t  by measuring the d is tance from 
the  cord center  l i n e  t o  the ta rge t  center  po in t .  The t a r g e t  o f f s e t s  are 
requ i red  t o  de f ine  the ana ly t i ca l  versus measured t a r g e t  pos i t i on .  Not ice 
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ANALYTIC NODE VERSUS TARGET LOCATION - 

A. 45 = . 65" 

Ar 36 = . 50" 

A, 27; = . w 
A, i8  = . 51" 

A, 9 = .bo" 

TARGET OFFSETS 

I3841 = . 6 5 "  

ti, 32 = . 60" 

B J  23 . 50" 

B J  14 = . 50" 

B, 5 = . SO" 

FIGURE 3.4-1 
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TARGET POSITON ADJUSTMENT DESCRIPTION 

FIGURE 3.4-2 
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that  the target offsets indicate t h a t  the targets do not  align to  a 
s t ra ight  l ine as  indicated by the drawing. 
each equally spaced across the width of the pillow area whereas the 
measured targets are  spaced as close as practical t o  equal spacing across 
the pillow area. 

The analytical targets are 

The comparison of analytical t o  measured target positian addpesses 
the pillow system "Z" direction (which i s  a function of the pillow X and 
pillow Y position). Therefore, each target "Z" pos i t i on  should be adjusted 
t o  correspond t o  the analytical target position. T h i s  i s  shown graphically 
i n  Figure 3.4-2. The adjustment i s  shown as "del Z hat" and i s  applied t o  
bias the position of the measured target t o  the ana ytical  node. 
amount of adjustment was determined by f i t t i n g  each row of f ive nodes i n  
each pillow w i t h  a f i f t h  order polynomial Z = F ( Y )  adjusting the Y 
coordinate by the measured offsets l i s t ed  on Figure 3.4-1 and computing the 
new Z value. The polynomial derived for  each row i s  l i s ted  in Appendix B.  
Only measured targets that  have offsets  l i s ted  on Figure 3.4-1 were adjusted. 
The  results of adjusting the data p o i n t s  i s  l i s t ed  i n  Table 3.4-1 and 
Table 3.4-2. 

The 

3.5 P i  11 ow Bestf i t 

The target positions l isted i n  Table 3.4 are the analytical and 
measured coordinates i n  the analytical coordinate system, t h u s  a compari- 
son of the data sets  can be made. Each pillow data se t  was bestfit using 
a plane tangent t o  the analytical surface over this small an area when 
compared to using a parabola of such large focal length are vir tual ly  
identical ,  see Appendix C .  

Table 3.5-1 l i s t s  the bestf i t  plane coordinates of the analytical 
and measured coordinate sets for pillow one, and the errors from the 
bes t f i t  as indicated. Table 3.5-2 l i s t s  the same data  for  pillow two. 
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The data sets  o f  Table 8 are formated as fo l l ows :  

COL 1 COL 2 COL 3 COL 4 COL 5 COL 6 COL 7 COL 8 COL 9 COL 10 
TARGET ANAL X ANAL Y ANAL 2 MEAS X MEAS Y MEAS 2 ANAL 2 MEAS Z ANAL - 

NUM ( i n . )  ( i n . )  ( i n . )  ( in . )  ( i n . )  ( i n . )  BESTFIT BESTFIT MEAS. 

ERROR ERROR DELTA 

( i n . )  ( i n . )  ( i n . )  

4.0 RESULTS SUMMARY 

4.1 Best f  i t Resul t s  

Taken from Table 3.5-1 and Table 3.5-2 t h e  b e s t f i t  r e s u l t s  are:  

50-METER PILLOW MEASUREMENT BESTFIT RESULTS 

P I LLOW PREDICTED RMS MEASURED RMS 

One 0.13668 0.11338 

Two 0.18097 0.14811 

4.2 Shape Comparison 

The shape of the a n a l y t i c a l  and measured p i l l o w  f o r  p i l l o w  one 
and p i l l o w  two a re  compared by t a k i n g  c u t t i n g  planes through the  f i v e  

rows of t a r g e t  p o s i t i o n .  The shape i s  shown i n  Figures 4.2-1 through 
Figure 4.2-10. 

1 ocat ion.  

Refer t o  Figure 2.0-2 f o r  l o c a t i o n  of each c u t t i n q  plane 
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5.0 CONCLUSION 

The results of the 50-Meter Model p i l l o w  shows good correlation. 
The planar views from Figures 4.2 shows close analytical shape approxima- 
t i o n .  The bes t f i t  resul ts  shown i n  Table 3.5-1 for  pillow one show agree- 
ment to  w i t h i n  seventeen percent. 
dominated, suggesting that  some cord tension error may exis t  due t o  
boundary conditions. 
shows similar agreement to  within eighteen percent. 

This is  a pillow area that i s  cord 

Pillow two bes t f i t  resul ts  l i s t ed  in Table 3.5-2 

The analytical predictions are based upon ideal boundary conditions 
and n o t  on the actual surface breadboard boundary conditions. 
mesh and cord tensions are  contribution to  the measured p i l l o w  shape. 
Consideration o f  a l l  the unknowns would most l ikely yield even better 
correlation. 

Unknown 

The good correlation o f  the p i l l o w  shapes shown in Figures 4.2-1 
th rough  4.2-5 and 4.2-6 through 4.2-10 indicate good analysis predictions 
and accurate measurement resul is. 
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APPENDIX A ----------- 

ANALYTICAL COORDINATES OF 

HALF-GORE PILLOW MODEL 
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743 307.60241 
744 314. 92965 
745 300.2EiS43 
746 300. 27745 
747 307. 60605 
748 285. 66327 
749 278. 32412 
750 270. 98516 
751 270. 96358 
752 278.28575 
753 285. 61204 
754 285. 62308 
755 205. 64021 

7,-..-. I-.= i 

--- 
-I 

728 329. 58314 

18.2413% 
17. 76271 
I f .  dU//l 

i 1. 52703 
5. 76351 
-0.00112 
-0. 00iOe 
-0.00049 
i 1. 52547 
5.76303 
5. 76208 
22. 56518 
22.0Er530 
21. 60543 
15. 85005 
10. 56930 
5. 28546 

11. 04923 
ib. 80964 
16.33008 
15. 84952 
io. 56830 
5. 28405 
-0. 00105 
-0. 0 O i c j 4  
-0. 00i i4 
10. 56832 
5. a 3 9 3  
5. 28473 

20. 64511 
20. 16465 
19. 68420 
14. 40631 
9. 60648 
4.80388 
io. 08755 
15. 36855 
14. 88772 
i4. 40694 
9. 60620 
4.80305 
-0.00084 
-0. 00089 
-0.08095 
9. 60585 
4. 80274 
4. 80317 
18. 72276 
18. 24178 
17. 76080 
12. 96280 
8. 64321 
4. 32204 
9. 12483 
13. 92543 

2 7  -F.---v 

19. 19402 
i8. 24872 
ib. 7CiO66 
16. 93217 
17. 04017 
i7. 78873 
i t 3 .  43145 
19. 13642 
17.56407 
17. 73208 
18.37121 
15. 40544 
14.88228 
13. 93620 
14. 34280 
15. 38886 
i6. 32603 
16. 18256 
i5.94277 
15. 14737 
13. 51940 
i3.75004 
13. 88151 
i4. 74351 
i5. 5.6321 
i6. 37065 
i4. 56650 
i4. 64984 
15.51947 
12. 47232 
11.75461 
11.03462 
11. 32887 
12. 26436 
13. 12883 
13.00154 
i2. 79250 
12.05446 
10. 59006 
10.78324 
10. 89324 
i 1. 66602 
12.41400 
13. 16550 
1 1. 51738 
11. 62993 
12. 37665 
9. 68365 
9. 05277 
8.  41984 
8. 66117 
9. 47204 
IO. 22473 
10. 12168 
9.94049 
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756 278. 30.200 
757 263.62708 
/x i  263. 612T8 
753 263. $(-j,325 

*!bI 2'7B. 273.2'4 
- . -  ;bz zg5.&cg.z2 

764 270.94073 

766 256.  30011 
767 248.45349 
768 241. 60743 
763 241. 53163 
77# 246. 92454 
771 256. 26016 
772 256.26420 
77.3 zgz&2 

775 234.24824 
776 234. 23772 
777 2'34. 23045 
778 241. 57107 
779 248. 91464 
780 256.25642 
781 24i. 58146 
782 241. 57467 
itf3 248.91791 
783 226. 90995 
785 219. 55767 
766 212. 20588 
7B7 212. 13416 
7B8 219. 53653 
789 226. 88069 
790 226. 80754 
741 226. 89736 
7'7'2 219. 54581 
733 204. 84509 
734 204.83801 
735 204. 8'5244 
746 212. 19068 
797 219. 53019 
798 226. a7863 
799 212. 19753 
800 212. 18304 
801 213.53220 
802 194. 08129 

E304 172. 53627 
805 172. 53808 
966 183. 29912 
907 194. 06317 
8'28 194. 06787 
809 144. 07407 
G i i j  183, 3ij427 

--- 

Tbi j  270. 93650 
- .  . 

753 270. 34473 

765 27a, 2770.3 

774 248, 33715 

--- 

a03 i a 3 . 3 0 ~ 7 1  

~ ~~ 

i3.444i8 
i2.90241 
a. 64308 
4.32151 
-0.00064 
-0. ijI306B 

3.04281 
4.32127 
4. 3.22155 

lir. 74838 
ib. 31692 
i5. 83548 
11. 51750 
7. 67922 
3.83989 
a. 16i30 
i2. 48107 
i 1. 94424 
11. Si765 
7.67422 
3. 83459 
-0. 00047 
-c>.o0051 
-0.00055 

7. 67401 
3. 83432 
3.83458 
14. 87219 
14. 39035 
13. 90851 
10. 07125 
6. 71469 
3.35752 
7.19709 

5 1.03549 
IO. 55331 
10. 07153 
6. 7i483 
3.35735 
-0.00033 
-0. 00056 
-0.00040 
6. 71456 
3. 35712 
3. 35732 
i2. 72065 
12. 01462 
1 1. 30862 
7. 95711 
5. 30213 
2. 64?88 
6. 00806 
4.36524 
8.65W3 

-0. 0cO7-3 

~~ ~ ~~~ ~ - 

4*249&,6 
8.01047 
8. lba i l  
8.25724 
8. $3524 
4. 533.38 

8. 8i4Oi 
8.40531 
3 .  563i3 
7.24337 
6.64946 
6. 15471 
6. 34807 
7. 03671 
7. ha136 
7.53689 
7. 45078 
6.  84854 
5.78717 
5. 9i iS1 
5.48229 
6. 56461 
7.13249 
7.70502 
6. 46873 
6.54092 
7.10862 
5. 15422 
4. 69910 
4. 24236 
4.33323 
4. $6238 
5 .  49818 
5. 43209 
5.31735 
4. 85461 
3.92316 
4. 0i470 
4.07405 
4. 55434 
5.03571 
5. 51636 
4.48575 
4. 54111 
5. 01741 
3. 28174 
2.77640 
2. 26822 
2. 36656 
2. 96282 
3.53373 
3.48654 
3. 40252 
2. titi786 

10, 2se;63 
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67'3: 
874 
675 
876 

68 i 

63'7 

647 

70 1 

703 
B 702 

712 

714 
713 

B i l  161.87894 7. 95243 1.77851 
ti12 lbi. 47268 5. 30245 1. 79658 
813 :&z,. 34543 2. i . S i i 6 6  
a14 172.781E9 -ct.O0015 2.4723% 
815 iG3. 45355 -0. 00020 3. (Si541 
416 134. 14350 -0. 00024 3. 54415 
817 17%. 62143 5.30543 2.42234 
91E 172. 70246 2. 65165 2. 45823 
a i9  183. 37€370 2. 65124 3. 00058 
Si7 326. 03750 20. 20917 150. 25207 
418 526. 00697 0. 00021 150. '24681 
320 924. 34178 60. 58528 150. 17547 
925 836. 47900 58. 75951 140. 57337 
427 848. 18052 14. 53576 140. 56310 
328 B98. i2788 -0. 00043 140. 72500 
330 868. 52083 56. 92632 131. 25454 
332 870. 18342 18. 97953 131.2'2597 
4'33 870. 114E33 -0. 0C136 131. 45044 
335 840. 47366 55. 08854 122. 20745 
337 e m .  076~0 18.36675 122. 1.7851 
$38 842. 00034 -0. 00153 122. 44360 
340 812. 33Bi7 53. 24438 113.44082 
442 813. be356 17. 75255 113. 42447 
343 813.80069 -0. ooim ii3.723~3 
445 784. llbB8 51. 39458 104. 95536 
347 785. 60638 17. 13627 104. 44586 
948 785. 52376 -0. ooci~i 10s. 25823 
350 755. 73533 49. 53827 46. 80974 
'352 757. 23182 16. 51741 96. 79876 
9753 757. 16435 -0. 00061 47. 07021 
355 727. 38803 47. 67624 80. $7426 
457 720.77002 15. 89730 bB. 96219 
$58 728. 71445 -0. 00056 09. 20051 
960 698. 84726 45. 80875 81. 44755 
362 700.22447 15. 27527 Bl. 43500 
963 700. 17761 -0. 00042 E r l .  65023 
4&5 670. 32641 43. 9'554% 74. 23153 
?b7 671. 59950 14. 45094 74. 21966 
368 671. 55636 -0. COO27 74. 42459 
370 641. 67913 42. 05797 67. 32614 

973 642. 05615 -0. 00014 67. 51760 
375 512. 555831 40. 17503 60. 73576 
377 614. 12231 13. 39616 60. 72238 
378 614. 08142 -0. 00018 60. 92553 
980 584. 16719 38. 28733 54. 46089 
982 585. 27509 12. 77031 54.45254 
983 585. 24100 -0. 00056 54. 65428 

387 556. 48344 0. 00069 48. 54490 
$84 526. 37041. 34. 49885 42. 94533 
931 527. 43196 0. 00058 42. 94404 
993 497. 37993 32. 598b4 37. 67202 
9 9 5  498. 43916 0. 00050 37. 67141 

772 642.69760 14. 02473 67. 3i452 

9Er5 555. 24916 36. 39466 48. 55071 

997 46b. 3'3068 30. 64443 32. 73336 
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6.0Ocj50 
28.76736 
0. 00045 
26. €37635' 
0. 00019 

2.5. 3&22& 
-0. oco93 
23.045cg 
-0.001iS 
ai. 12554 
-6.0016# 
i3.20376 
-0. 00078 
i7. 27384 
-0.00059 
i5.35484 
-0.00043 
13. 42668 
-a. 00024 
10.60261 

32.73344 
28. 13167 
28. 13200 
23. 87117 
23.87007 
iq. 35332 
i9.  44647 
io .  407.-,' 

I ,J 
i-i. i7473 
13. 18768 
13. 4i235 
io. 312'59 
10. 419i3 

ti. 27792 
5. b076B 
5. 49824 
3.78404 
4.08604 
1.75744 

7.73437 

I 
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APPENDIX B ----------- 

POLYNOMIAL COEFFICIENTS OF PILLOW 
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.36054 

-. 13779570 E-02 

.95405251 E-07 

-. 13197269 € 4 2  

-. 43969161 €48 

37 - 41 .26096 
0. 0 

-. 15435536 E-02 
0. 0 
. 190113764 E-05 
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I NODES COEFFICIENTS 

5 - 9  

14 - I &  

23 - 27 

.. 

32 - 36 
. . .  

- .  
. .. . . .  

, . -  
. . I  . , -... . .  .. - . 

. 7. 

41 - 45 . 
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.22040 

. 10984922 E-02 
-. 16899606 E-02 
. 164414211 E-06 

-. 955316837 E-07 

. 20440 

. 102189705 E-02 
-. 16132580% E-02 

.285247435 E-07 
-. 143287334 E 4 6  

.20429 

. 954954016 E-03 
-. 15863633 E-02 
-. 466840693 E-07 
.219105579 E-07 ' 

.ai272 

. 957247918 E-03 
-. 16112524 E-02 
.721238486 E-07 
. 184512365 E-07 

-23702 
. 107476329 E-02 

-. 168227854 E-02 
. 147612Pi0 E-0.3 

-. 90iO572i2 E-07 



I 
4 
D 
I 
I 
I 
1 
E 
1 
I 
I 
1 
i 
1 
I 
I 
I 
I 
I 

APPENDIX C ----------- 

COMPARISON OF BEST F I T  PLANE 

TO BESTFIT .PARABOLA 
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APPENDIX C 

COMPARISON OF BESTFIT PLANE 
TO BESTFIT PARABOLA 

STOP 

R = 742.95 
R -= 728.7" MIDDLE 

START 

PARABOLA 

R2 ' = '74)o 

PLANE Tanget a t  Midpoint ,  R 

-1 742.95 ' = tan ]2)(1222.8) 

' s ta r t  

' s ta r t  

'stop 

'stop 

z =  -& 4 1222.8 = 108.563 
s t a r t  

= & 4 1222.8 = 117.221 
stop 

= 742.95, Z,,,jd = 112.8505 

= 16.89828" 

112.8505 -[(742.95 - 728.7) t a n  $1 

108.521 

112.8505 + C(757.2 - 742.95) t a n  a] 

117. i795 
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APPENDIX C 

Del ta  Z a t  s t a r t  and stop points 

Del ta  Z s t a r t  = 108.563 - 108.521 = .042 

Stop = 117.221 - 117.18V = .041 

Because the  data p o i n t s  w i l l  be b e s t f i t  then t h e  b e s t f i t  plane w i l l  a c t u a l l y  
l i e  over the b e s t f i t  parabola as shown below: 

I f  a continum o f  data p o i n t s  ex is ted over the  e n t i r e  range o f  the b e s t f i t ,  
then 

and 

AREA 1 t AREA 3 = AREA 2 

R2 .5 PARABOLA dR = ;2 PLANE dR 

R1 Rl 
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APPEK!IX c 

‘stop -- 

AREA OF PARABOLA 

/I[ 

PARABOLA A1 

‘start 

- - - -  

AREA OF 

A1 

A1 

---- 

PLANE 

‘start 
= 108.563 

R2 
4 f  

‘ = -  

- 1  

1 I I 
‘7 

R=f28.7 R=757.2 
start stop 

RStop  

Rstar+ 

2 
dR - (‘stop - Rstart)(Z start)  
b 

1 
14673.6 

= -  122.5901 

- 3094.0455 1 757.2 

728.7 

= 123.38363 A~ i ne 
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APPENDIX C 

1 
Z ADJUST 

For both areas t o  be equal 
1 1 A parabola + ( Z  ad jus t  * A R )  = A l i n e  

122.5901 + (Z ad jus t  * 28.5) = 123.38363 

Z ADJUST = 123 38363-122.5901 = -0278 
28.5 

J 

The RMS e r r o r s  a t  these po in ts  are approximately: 

( .707) (.0142) = ,01004" RMS 

(.707) (.0278) = .01966" RMS 

The average RMS .015" RMS 
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APPENDIX C 

W i t h  the magnitude of roughness results derived the effect  of using the 
plane versus using a parabola i s :  

- \I RMSLderived RMSLerror - RMSpossi bl e 

Using the smallest roughness value obtained, the possible RMS could be: 

4 ( .11338)2 t ( .015)2 = .11437" RMS 

Usicg the largest roughness value obained, the possible RMS could be: 

d (.18097)2 + (.015)' = ,18159" RMS 

Because of the insignificant differences, the best f i t  plane results are 
reported 

i .e. .11338" versus .11437" RMS 

.18097" versus .18159" RMS 
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